Abstract. In order to study the effect of epoxy resin particles on the low temperature performance and high temperature performance of asphalt mixture, the epoxy resin particles were prepared and the glass transition temperature of epoxy resin particles was measured. The bending test and rutting test were used to study the low temperature and high temperature performance of asphalt mixture mixed with and without the epoxy resin particles. The results show that the increasing of epoxy resin particles content is beneficial to enhance the thickness of the effective asphalt film. With the increasing of the epoxy resin particle content, the low temperature bending stiffness modulus of the asphalt mixture increased firstly and then decreased, while the dynamic stability reduced. It is indicating that the epoxy resin particles can significantly improve the low temperature cracking resistance of asphalt mixture, and is not conducive to the high temperature stability of asphalt mixture.
Introduction
Asphalt mixture is a typical temperature sensitive material, high temperature rutting, low temperature cracking and other distresses caused by environmental temperature has plagued the domestic and international road engineering sector for a long time [1] . In summer, under the high temperature conditions, asphalt pavement accumulation of a lot of heat, resulting in road surface temperature continues to rise, combined with the traffic channelization, making the rut and other high temperature instability of the disease on the use of road performance more and more prominent [2] . In the continuous low temperature conditions, asphalt pavement cracks due to the temperature stress [3] . The occurrence of cracks will make the water enter into the pavement structure, resulting in decreased pavement structure bearing capacity [4] , asphalt pavement low temperature cracking will cause the pavement structure bearing capacity decreased, significantly shortened the service life of the road [5] . Epoxy asphalt is prepared by adding epoxy resin to the modified asphalt. The irreversible cured product was then obtained by the curing reaction between curing agent and epoxy resin [6] . The above method fundamentally changed the thermoplastic properties of asphalt, and provide the epoxy asphalt excellent physical and mechanical properties. However, the epoxy resin is a polar substance, the asphalt is a non-polar material, the compatibility between epoxy resin and asphalt is poor. After curing, the ordinary epoxy resin with high brittleness and poor ductility. Therefore, this paper proposes to incorporate epoxy resin into the asphalt mixture in the form of additives to study the influence of epoxy resin on the asphalt mixture road performance. In this paper, the epoxy resin particles used for asphalt pavement were prepared and the epoxy resin particles were blended into the asphalt mixture at an amount of 0.5%, 1.0% and 2.0% by admixture. The asphalt mixture density test, the low temperature bending test and rutting test were carried out to analyze the influence of the epoxy resin particles and their contents on the road performance of asphalt mixture mixed with and without epoxy resin particles.
Test Materials and Methods

Materials
The asphalt used in this study was SK90#A pavement petroleum asphalt, the specific technical indicators and test results are shown in Table1. The coarse aggregate was diorite rock, fine aggregate was artifical sand, mineral powder was fine-grained limestone hydrophobic stone. The composite gradation of AC-16 asphalt mixture are shown in Fig.1 . 
Preparation of the Epoxy Resin Particles
Reductant
The epoxy resin and polypropylene glycol diglycidyl ether used in this study were both manufactured by Yantai Aolifu Chemical Industry Co., Ltd. (Yantai, China). The isophorone diamine was manufactured by Hubei giant technology co., Co., Ltd.(Hubei, China). The gum acacia powder was manufactured by Sinopharm Chemical Reagent Co.,Ltd (Shanghai, China).
Preparation Steps
I), a certain amount of the epoxy and resin were mixed uniformly, namend solution A. II), a certain amount of gum acacia powder were added into distilled water, named solution B. III), the epoxy resin emulsion was prepared by emulsifying mechanically solution A and solution B. IV), a certain amount of isophorone diamine were added into distilled water, named solution C. V), The epoxy resin emulsion and solution C were stirred mechanically. The epoxy resin particles were obtained by filtration and thoroughly rinsed with the distilled water. Finally, the obtained white solid was dried at 80°C in a vacuum oven for 30 min.
The Glass-transition Temperature Tested by DSC
The glass-transition temperature (Tg) of the epoxy resin particles were measured by DSC. DSC measurements were made under nitrogen using a DSC 200F3 (NETZSCH Instruments) from -30 to 100°C and a heating rate of 10 °C/min. All DSC specimen weights were in the range of 9 to 11mg. The DSC curve of the epoxy resin partcles are shown in Fig.2 . Figure 2 . DSC curve of the epoxy resin particles. Fig.2 shows the DSC curve of the epoxy resin particles. There was no exothermal peaks in the curve, which indicated that the epoxy resin particle was cured completely. As can be seen in Fig.2 , the epoxy resin particles Tg is 18℃.
Test Methods
The asphalt mixture density test (T0705-2009) was used to test the volumetric characteristic indexes of asphalt mixture mixed with and without epoxy resin particles. The bending test (T 0715-2011) was used to test the low-temperature performance of asphalt mixture mixed with and without epoxy resin particles. The rutting test (T 0719-2011)was used to test the high-temperature performance of asphalt mixture mixed with and without epoxy resin particles.
Results and Discussions
Asphalt Mixture Density Test Results
The density test results of aspalt mixture mixed with and without epoxy resin particles are shown in table 2. As can be seen in table 2, as for the same asphalt content, the porosity and voids in mineral aggregate of asphalt mixture mixed with the epoxy resin particles are smaller than that of the matrix asphalt mixture. The porosity and voids in mineral aggregate decreased with increased of epoxy resin particles. This may be because the epoxy resin particles with a glass transition temperature of 18 ℃. When the asphalt mixture is formed, the particles are expanded and filled with part of the voids in the asphalt mixture, thereby reducing the porosity and voids in mineral aggregate of asphalt mixture. With the increasing of epoxy resin particle content, the asphalt saturation gradually increased, indicating that the increasing in epoxy resin particles content is beneficial to enhance the effective asphalt film thickness. In Fig.3 , when the epoxy resin particles content is 0.5%, the flexural stiffness modulus of matrix is higher than that of the asphalt mixture mixed with epoxy resin particles, and the flexural stiffness modulus of the asphalt mixture mixed with 1.0% and 2.0% epoxy resin particles is lower than that of matrix asphalt mixture. The results show that the epoxy resin particles has a significant effect on the low temperature performance of asphalt mixture, and increasing of the content is beneficial to the improve low temperature performance. Since the glass transition temperature of the epoxy resin particles is 18 ℃, the epoxy resin particles are glassy state at -10℃, epoxy resin particles in asphalt mixture is beneficial to slow down the deformation rate, thus increasing low temperature flexibility of asphalt mixture, and finally decreasing Reduce the asphalt mixture stiffness modulus. With the increasing of the epoxy resin particles content, the decrease rate of the asphalt mixture deformation reduced further. Therefore, the epoxy resin particles is beneficial to improve the low temperature crack resistance of asphalt mixture, and the low temperature crack resistance of asphalt mixture enhanced with increased epoxy resin particle content. It can be seen from Fig.4 that the dynamic stability of asphalt mixture mixed with epoxy resin particles is obviously below than that of matrix asphalt mixture, and the dynamic stability of asphalt mixture mixed with epoxy resin particles decreased linearly with increased epoxy resin particles content. In particular, compared with the dynamic stability of matrix asphalt mixture, epoxy resin particles content with 0.5%, 1.0% and 2.0% decreased by 11.9%, 29.5% and 50.7% , respectively. It is indicated that the epoxy resin particles content has a great influence on the asphalt mixture dynamic stability. This may be because the glass transition temperature of the epoxy resin particles is 18 ° C. At 60 ° C, the epoxy resin particles are elastomeric and reduce the high temperature resistance to deformation of the asphalt mixture.
Analysis of the Low-temperature Performance
Analysis of the
Summary
With the increase of the epoxy resin particles content, the porosity and voids in mineral aggregate of asphalt mixture decreased, asphalt saturation increased. It is suggested that increasing of epoxy resin particles content is beneficial to enhance thickness of the effective asphalt film. The influence of epoxy resin particles on the asphalt mixture of low temperature performance and high temperature stability are significant. The low-temperature bending stiffness modulus of asphalt mixture increased firstly and then decreased with increased epoxy resin particles content. The dynamic stability of asphalt mixture decreased with increased epoxy resin particle content. It is concluded that the epoxy resin particles is beneficial to the low temperature crack resistance of asphalt mixture, which is harmful to high temperature performance of asphalt mixture.
